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1. [8 poin
points] Short answer. For each part of this problem, you do not need to justify your answer.

a. i .
51 p01{1tS] Write the negation of the following sentence: “If z,y € Z such that y <=z, then
€re 1s some 2 € Q such that y < z < z.”

3 ¥y € wheve 4<% Such that

V%&@) 2_51 ov ’Xe-%'.

b. [2 points] Let A and B be sets and f : A — B a function. Define the equivalence relation
~ on A by a1 ~ ay if and only if f(a1) = f(ap). Let g : B — A/ ~ be the function we
defined in class. Complete the following sentence: “g is well-defined if and only if ...”

% i« well-defivied (- and 0'\4‘-'# it F is Surdtd‘\‘\l(.

c. 2 points] Give an example of a relation that is reflexive but is neither symmetric nor

Q:ragitivit e oV, lev R be T Lelahipn
belabhon on €U1|,2} o A debived
R=$(o0), (1,1), (2,2), (0, 1),0,2)3
xEY < x4,

d. [2 points] List the elements of 2(2?(4(0))), where @ is the empty set.

g(e @) - g(e ({s1))

- @ ({4, 5633
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4 B points| Let A, B,and C besetsand f: A— Bandg: B — C.
a. [7 points] Show that if go f is injective and f is surjective, then g is injective.

£ B¢ e_w.ph} ov hag only vnme e_ltm,‘., P in
q s W ge chive. 'ﬂ«usl Cup pose
b,boeB ct. L #b,,
Siviee £ i Surd‘u,h'\m' E 2 a‘quC-A s.b.
$(a)=b, ond £la) =ba,
Sime bi#Eby, Wwe kbow a4, F a2,

\V‘aﬁ"ﬁ"ihﬂ vk 8°f- mplies
(4°F) Ca) # (a-F)(a,)
= 4(b) =3(),

o g s i\adccﬁ\/L.

b. [2 points] Give an example of functions g : B — C and f : A — B where go f is injective,
but g is not injective. Make sure to specify what A, B, and C are in your example. You
do not need to justify your answer.

et A=C =8 ard B=§1,21
Definve £ and 4 ],,,\1
:F(|)=j(|)=3(z)=\  Twens (%,]r_) =id£|}
ond (s Thaus “"C‘\C(’HV{I while 9 iX hot.

ov DC'F\\AL Az‘Rzo) B-"—L‘:R) M
$F(=V7 3 (13 = '37‘.
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’ biyechiow
ovdev-presevy) ng ] )
. b- WV\
sl AL t ® L Li. ivimedte Ppredecessor of L.
M ‘£+ 0 %

b, <b.
-n/\bv\ (bo)L-) == Sb W\.\,A A t
& . C.
Sywee £ g SurdCc,‘H\H, 3 %, 2

fla)=b, amd F(a)=h

& we kuow
i1 wot e Case Drat b%b,,
Gince 1TS ho ol s Thisety

t's wot ‘hf;_'-*-ﬂ Nat -

er(&.

Suppote  xe (ag,a) v e cabe of Comtredichon ).
T\Zm a, <X <, So

Bz 4 (0,) < F(>) < fla)=b,

o L (x)e Cbu ) b )’ which V¢ a thlhl/h'l)\q_

"[MV\.&, (au)&):(b) S o hag an

i med rate predecess ov, a,.
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4. [8 points -
the least]u Show that if an ordered set X has the greatest lower bound property, then it has
pper bound property. (This is the converse of a statement we proved in class.)

ASOSUU’V\L X ha¢ twe ﬁl‘: PYIJPQ_V‘H,I
»
Let "N € X Le a st Dot i¢ bLounded o bove,
ol lekd B CX Le Tre (horeumpty) et of
upper bounds o V.
et y eV, Mn Y< b v loe'B, Co B is bouwddd
belowo ogad Daus hay « 5%&4—1;%— lower lbound,
mf(8),
Since every  Clement of Y s o lower bound
fov E’ in F (B\_)_t} v ‘36’\/’ So
imE(R) ik an upper bound for V.
0m e ohuer hand, inf(RY<L ¥ bebB,
mf (R) ¢ The leos+ Upper bouad of V.
Thus, X ha¢ the lLub, Propevty, ag deSived.
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5. (8 points] Determine
your answer (or give g
a. 2 points] The re

W = ay for some ¢

whether the following statements are true or false, and briefly justify
Counterexample, if applicable).

lation ~ on R x R defined (z,y) ~ (2,w) if and only if z = ax and
€ R is an equivalence relation.

False
(1,13 ~ (0,0) sinee 0= 0"

but (a)o)f(l,l) (ihee | #+ 40
tuv- &h‘j 0;6:—”2

b. [2 points] If f: A — B is a function, and Ao C A, then f(A = Ao) = f(4) = f(Ao).

Falce,
o4 A__éU)l.k/ B:E,O}JAO:E!}.
Define £(o0)=§01)=0.
Then F(A-A,) = F(£0Y) =Y but
F(AY-F(Ay) =303 ~{o} ='p

c. [2 points] Let A be a set and C a partition of A. Then {#} ¢ C.

Falge.
Lt A=§6} Tun, + C-= €€—¢WSWS/
W e ln.ﬂLVL Lﬁb} &t .

d. [2 points] The set Z, x Z, with the dictionary order has the same order type as Z, x Z_
with the dictionary order, where Z_ = {z € Z | z < 0}.

Falge,

(|)|) ef'/Z,,_K ?.+ s Tuw .S\M_c\llo._g{— ef%.d.
HowQVC"‘ v (_Dtllo)e' 72'.,.’(2__)

(a,lo'U(L“,b), o Uy X7 _ has

ho Shoallest elewn et




